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(57) Abstract 

A transmission power control method and system are provided for use in a spread spectrum or CDMA mobile communications system, 
whereby an estimate of the achieved SIR is used as an additional parameter for die outer power control loop function (108). When the QoS 
and achieved SIR are both too low, the QoS is ignored and the SIR target value is instead controlled by the achieved SIR. Similarly, when 
both the QoS and achieved SIR are too high, the QoS is ignored and the SIR target value is instead controlled by the achieved SIR. 
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POWER CONTROL IN A CDMA 



MOBILE COMMUNICATION SYSTEM 



10 



15 



BACKGROUND OF THE INVENTION 
Technical Field of the Invention 

The present invention relates in general to the mobile communications field 
and, in particular, to a method for controlling transmission power levels in a spread 
spectrum or Code Division Multiple Access (CDMA) cellular communication 
system. 

Description of Related Art 

In wideband spread spectrum cellular communication systems (often 
referred to as Wideband-CDMA or WCDMA systems), power control symbols are 
transmitted on a regular basis in order to compensate for. the effects of changing 
conditions that influence the channel, such as fading and shadowing. For example, 
a base station can transmit a power control command which signals a served mobile 
station to increase or decrease its transmission power level. The mobile station can 
then decide whether to increase or decrease its transmission power level in 
response to the power control command received. 

As such, it is important that the power control algorithms used in CDMA 
systems be designed to maintain the negotiated quality of the data channels for all 
active users. Essentially, the basic power control algorithms used in existing 
systems are designed to implement this capability in each connection, with two 
nested control loops. The outer (slower) power control loop controls a transmit 
signal-to-interference ratio (SIR) or signal-to-noise ratio (SNR) target value for use 
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in the iimer (faster) closed power control loop so that the actual Quality of Service 
(QoS) is close to the negotiated QoS. The inner power control loop estimates the 
SIR of the forward transmission channel, compares the estimated SIR to the SIR 
target value, and based on the results of the comparison, transmits power control 
commands on the reverse transmission channel which **advise" the transmitter on 
the forward channel about whether to increase or decrease its transmission power 
level. Typically, the same power control principle can be q)plied for both the 
uplink and downlink transmissions. 

The conventional inner power control loops are designed to function based 
on SIR measurements that can be obtained (typically for WCDMA systems) at a 
rate of 1600 per second. The conventional outer power control loops are designed 
to function based on QoS values that can be obtained at a typical rate of one per 
second. Typically, these QoS values are expressed in terms of a frame error rate 
(FER), bit error rate (BER), packet delay, or speech quality index (SQI). As such, 
these QoS values can be obtained only at the above-described rate of once per 
second, or once per code block (typically, SO to 100 times per second). However, 
these QoS values should be accumulated over a significant period of time in order 
to produce statistically reliable results. 

The existing outer power control loops can change a SIR target value faster 
when an appropriate change is known due to a change of service (e.g., when the 
transmission data rate is changed). In this regard, FIGURES 1 A and IB are related 
diagrams that illustrate how an existing outer power control loop can respond (by 
varying the SIR target value) to a change in the chaimel envirormient or to a known 
service change, respectively. As such, for a properly designed power control 
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implementation, the outer power control loop should be imable to vary the SIR 
target value any faster than the imier power control loop can respond and change 
the actual SIR. This sppmach ensures that the actual SIR follows the SIR target 
value quite closely all of the time. 
5 A significant problem occurs when the above-described power control 

approaches are being used. For a number of different reasons, the inner power 
control loop may be unable to achieve the SIR target value as quickly as the outer 
power control loop can change the SIR target value. This problem can be caused 
by limitations on the control loop's bandwidth or on the transmitter's output power 

1 0 range. A reason for this problem is that the outer power control loop in use may be 
modified to utilize parameters other than QoS values to estimate the QoS and 
follow the negotiated QoS at a higher rate. For example, the parameters used may 
be the mean and standard deviation of the raw BER for a nimiber of code blocks, or 
a characterization of the type of transmission channel involved. Also, the level of 

1 5 interference in the transmission channel can be due to discontinuous data or abrupt 
variations in speech transmissions. As such, the combined effects of an outer 
control loop that is faster than the inner loop, along with a rapidly varying 
transmission channel, can cause a significant difference between the SIR target 
value and the SIR actually achieved in the channel. 

2 0 Another reason that an inner power control loop may be unable to achieve a 

SIR target value is related to the interaction between the power control fimction and 
other system management Amotions (e.g., admission control and congestion 
control). For example, on the downlink, a base station transmitter might be 
required to limit its output power level because of an overload or congestion 
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situation. Similarly, the system manager may desire to change the total amount of 
data being transmitted, as a result of granting access to a new user or changing 
users' data rates. 

As a consequence of the above-described problems, the existing inner 
5 power control loops are unable to maintain the actual SIR at the desired SIR target 
value, and the outer power control loop will try to compensate for that inabihty by 
further increasing the SIR target value. However, when these circumstances are 
different, either because the iimer loop has achieved an actual SIR that satisfies the 
negotiated QoS, or the system is successful in reducing the load, the SIR target will 

1 0 already be changed beyond the appropriate value. Under these circumstances, the 
iimer power control loop drives the power level on the forward channel toward this 
"false** target value until it is properly adjusted to by the outer power control loop. 
As such, this over-control condition can result in oscillations aroimd the SIR and an 
unnecessarily high system load. 

15 FIGURE 2 is a diagram that illustrates such over-control oscillations and a 

high system load where the SIR target is being controlled by QoS parameters only. 
As shown in FIGURE 2, the SIR target value is changed when the QoS is out of 
range, and the negotiated QoS is not achievable when the transmitted power is 
Umited. Nevertheless, as described in detail below, the present invention 

2 0 successfully resolves these and other related problems. 



SUMMARY OF THE INVENTION 

In accordance with a preferred embodiment of the present invention, a 
transmission power control method and system are provided for use in a spread 
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spectrum or CDMA mobile communications system whereby an estimate of the 
achieved SIR is used as an additional parameter for the outer power control loop 
function. When the QoS and achieved SIR are both too low, the QoS is ignored 
and the SIR target value is instead controlled by the achieved SIR. Similarly, when 
5 both the QoS and achieved SIR are too high, the QoS is ignored and the SIR target 
value is instead controlled by the achieved SIR. 

An important technical advantage of the present invention is that it is 
possible to increase the adaptation rate of an outer power control loop without the 
risk of unbounded oscillations in the SIR target due to transmitter power 
10 limitations. 

Another important technical advantage of the present invention is that the 
power control method and system are fully contained at the nodes of the 
commimication network and no additional signalling is needed. 

Still another important technical advantage of the present invention is that 
15 the power control method and system ensure that each mobile station will request a 
slow increase of the base station's transmit power after a congestion situation, 
which prevents a rapid increase of the total transmitted power, and therefore, can 
prevent yet another congestion situation from occurring. 

As such, one objective of the present invention is to provide a power control 
2 0 scheme which completely suppresses the above-described drawbacks of an inner 
power control loop being unable to achieve the SIR as quickly as the outer power 
control loop can change the SIR target value. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete understanding of the method and apparatus of the present 
invention may be had by reference to the following detailed description when taken 
in conjunction with the accompanying drawings wherein: 
5 FIGURES 1 A and IB are related diagrams that illustrate how an existing 

outer power control loop can respond by varying the SIR target value, to a change 
in the channel environment or to a known service change, respectively; 

FIGURE 2 is a diagram that illustrates over-control oscillations and a high 
system load for an existing power control loop where the SIR target is being 
1 0 controlled by QoS parameters only; 

FIGURE 3 is a diagram that illustrates the SIR target value being controlled 
by QoS parameters and the difference between the SIR target value and the actually 
achieved SIR, in accordance with a preferred embodiment of the present invention; 

FIGURE 4 is a diagram that illustrates the SIR target value again being 
1 5 controlled by QoS parameters and the difference between the SIR target value and 
the actually achieved SIR, in accordance with the prefened embodiment of the 
present invention; 

FIGURE S A is a block diagram of an exemplary power control loop system 
that can be used to implement the preferred embodiment of the present invention; 
2 0 FIGURE SB is a diagram that illustrates an exemplary implementation of an 

outer power control loop function, fen, in the outer power control loop shown in 
FIGURE 5A; 

FIGURE 6A is a block diagram of an exemplary outer loop algorithm which 
can be used to implement the outer loop algorithm shown in FIGURE 5 A, in 



wo 00/65748 




*/SEOO/00759 



-7- 



10 



15 



accordance with an embodiment of the present invention; 

FIGURE 6B is a diagram that illustrates examples of different mapping 
functions for the outer loop algorithm shown in FIGURE 6A; 

FIGURE 7 is a flow diagram of a second exemplary method that can be 
used to implement the outer loop algorithm shown in FIGURE 5 A; and 

FIGURE 8 is a flow diagram of a third exemplary method that can be used 
to implement the outer loop algorithm shown in FIGURE 5 A. 

DETAILED DESCRIPTION OF THE DRAWINGS 

The preferred embodiment of the present invention and its advantages are best 
understood by referring to FIGURES 1 A-8 of the drawings, like numerals being used 
for like and corresponding parts of the various drawings. 

Essentially, in accordance with a preferred embodiment of the present 
invention, a transmission power control method and system are provided for use in a 
spread spectrum or CDMA mobile communications system, whereby an estimate of 
the actually achieved SIR (or a filtered version) is used as an additional parameter for 
the outer power control loop function. When the QoS and achieved SIR are both too 
low, the QoS is ignored and the SIR target value is instead controlled by the achieved 
SIR. Similarly, when both the QoS and achieved SIR are too high, the QoS is ignored 
and the SIR target value is instead controlled by the achieved SIR. 

During these periods when both the QoS and achieved SIR are simultaneously 
either too high or too low, the SIR target value can be changed at a lower rate by the 
outer loop, held constant (as illustrated in FIGURE 3), or changed in the direction 
opposite to what it would have been changed to had the outer loop responded to the 
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QoS only (as illustrated in FIGURE 4). For example, as shown in FIGURE 3, the SIR 
target value is being controlled by QoS parameters and the difference between the SIR 
target value and the actually achieved SIR. In accordance with the preferred 
embodiment of the present invention, no change of the SIR target value is applied 
5 when the inner loop is imable to achieve the SIR target value. Consequently, no 
unnecessarily high levels of power are being transmitted. Similarly, as shown in 
FIGURE 4, the SIR target value is again being controlled by QoS parameters and the 
difference between the SIR target value and the actually achieved SIR. Notably, a 
proposed increase of the SIR means that the QoS is too low and vice versa. In 
10 accordance with the preferred embodiment, the SIR target value is changed in the 
direction of the achieved SIR when the inner loop is unable to achieve the SIR target 
value. In this case, no unnecessarily high levels of power are transmitted, and the 
operation of the iimer loop is begun slowly after the transmit power limitation is taken 
away. 

15 On the other hand, due to certain design considerations, the ^proach to be 

used for SIR target control can be different when the QoS is too low or too high. In 
order to keep the transmitted power level as low as possible at all tunes, the outer loop 
can, for example, hold the SIR target value constant when both the QoS and achieved 
SIR are too high, and lower the SIR target value when both the QoS and achieved SIR 

20 are too low. With this approach, the transmitted power level will be forced to increase 
slowly after a maximum power limitation situation. However, the transmitted power 
level will decrease quickly after a minimum power limitation situation. 

Specifically, FIGURE 5 A is a block diagram of an exemplary power control 
loop system 100 that can be used to implement the preferred embodiment of the 
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present invention, for example, on the downlink. Note that the exemplary power 
control system 100 shown can be implemented in a base station or a mobile station. 
For illustrative purposes only, it can be assumed that the power control system 100 
shown can be implemented as software and/or hardware in a mobile station of a spread 
5 spectrum or CDMA cellular system. As such, the outer power control loop 102 
includes an outer loop algorithm 104, which receives QoS parameters from the 
forward (downlink) data channel. Exemplary outer loop algorithms, which can be 
used to implement the present invention, are described below with respect to 
FIGURES 6A, 6B, 7 and 8. The output of the outer loop algorithm 104 is a proposed 

1 0 SIR target adjustment value, which is coupled to an input of a function generator 1 08 . 

A filter 110 receives the actually achieved SIR information measured on the 
forward transmission channel. Essentially, the filter 1 10 computes the mean of the 
actually achieved SIR information for the time period elapsed since the SIR target 
value was last updated. The filter 110 can be implemented, for example, with an HR 

15 filter, a FIR filter, or an accumulator which is reset when the SIR target value is 
adjusted. The output of the filter 110 is connected to an adder 112, which 
algebraically adds the (negative of the) current SIR target value to the actually 
achieved SIR to produce a SIR error value. The function generator 108 generates a 
SIR target adjustment signal, which is a function (fen) of the combined proposed SIR 

20 target adjustment value and SIR error value. An adder 114 and delay 116 are 
combined to form an integrator, which integrates the SIR target adjustment signal to 
produce the above-described SIR target value. In other words, the outer loop 
algorithm 1 04 (and other similar outer loop algorithms) add(s) an adjustment value to 
the SIR target value. As such, the adjustment value is added to the previously- 
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computed SIR target value in order to drive the new SIR target value in the desired 
direction. Depending upon the particular outer loop algorithm used, the adjustment 
values can be computed for each frame, for each predetermined number of frames, or 
for an irregular nxmiber of frames. 
5 A portion of an inner closed power control loop 1 18 is shown (e.g., on the 

downlink) which includes a third adder 1 20. The actually achieved SIR received from 
the forward transmission (downlink) channel is algebraically added (120) to the 
(negative of the) SIR target value from the outer power control loop 102 to produce 
a SIR difference value. The mobile station (not shown) transmits the SIR difference 
10 value to a serving base station (not shown) on the reverse (uplink) transmission 
channel. 

FIGURE SB is a diagram that illustrates an exemplary implementation of the 
outer power control loop fimction, fen (108), in the outer power control loop 102 
shown in FIGURE SA. As described above, the SIR target adjustment signal is 

1 5 controlled by fen, which is a fimction of the proposed SIR target adjustment value and 
the SIR error value. Essentially, as mentioned earlier, a proposed increase of the SIR 
means a too low QoS and vice versa. As illustrated by FIGURE 5B, when the SIR 
error is close to zero, the outer loop 102 operates as a quality control loop which 
increases the SIR target value when the QoS is too low, and decreases the SIR target 

2 0 value when the QoS is too high. The outer loop 102 operates in the same manner 
when the QoS is too low while the actually achieved SIR is above the SIR target value, 
or when the QoS is too high while the actually achieved SIR is below the SIR target 
value. In other words, the SIR target value is controlled by the QoS in the areas I and 
ni shown in FIGURE 5B. 
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As for what the areas n and IV shown in FIGURE SB are meant to illustrate, 
the inner loop 1 1 8 has been unable to adjust the achieved SIR to within a close vicinity 
of the SIR target value. For example, as shown in area n, the QoS is too high and the 
SIR target value is held constant, which allows the inner loop 118 to lower the 
5 transmitted power level as rapidly as possible when the limitation on the inner loop 
disappears. However, as shown in area IV, the output power increases slowly at the 
outer loop's speed, after a situation in which both the actually achieved SIR and QoS 
were too low, when the limitation on the inner loop disappears. 

FIGURE 6 A is a block diagram of an exemplary outer loop algorithm 204 (in 

1 0 functional form) which can be used to implement the outer loop algorithm 1 04 shown 
in FIGURE 5A, in accordance with an embodiment of the present invention. 
Essentially, the outer loop algorithm 104 or 204 (and similar algorithms) functions to 
receive a stream of error marks (e.g., indications about whether or not the cyclical 
redundancy check or CRC for the received data was successful) and a QoS target 

1 5 value. The input statistics from the data channel can also include BER estimates from 
a forward error correcting decoder and/or other quality estimation information. In 
accordance with the present invention, the outer loop algorithm used produces a 
proposed SIR target adjustment value. The prior algorithms used the proposed SIR 
target adjustment value as the actual SIR target adjustment value. Also, in accordance 

2 0 with the present invention, the SIR error is also used to detennine the actual SIR target 
value. 

Specifically, referring to FIGURE 6A, the exemplary outer loop algorithm 204 
includes a frame error detector 206, which detects whether a frame error has occurred 
(e.g., from the stream of error marks received from the data channel). The output of 
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the firame error detector is coupled to an input of a FER estimator 208, which produces 
an estimate of the FER for some period of time, variable or predetermined. The 
estimated FER value (208) is algebraically added to (the negative of) a FER target 
value (e.g., QoS target value) to produce a FER error value. The FER error from the 
adder 210 is coupled to an input of a mapper 212, which maps (e.g., using a table in 
a database) an input FER error value to a proposed SIR target adjustment value. Three 
examples (a, b, c) of different mapping functions for the outer loop algorithm 204 are 
shown in FIGURE 6B. 

FIGURE 7 is a flow diagram of a second exemplary method 300 that can be 
used to implement the outer loop algorithm 104 shown in FIGURE 5 A. As shown, if 
the frame error detector 302 (206 in FIGURE 6A) determines that a frame error has 
occurred, at step 304, the output of the outer loop algorithm 104 (proposed SIR target 
adjustment value) is made equal to KA (where the input FER target value is equal to 
1/(K+1 )). Otherwise, at step 304, if no frame error has been detected, the output of the 
outer loop algorithm 104 is made equal to -A. 

FIGURE 8 is a flow diagram of a third exemplary method 400 that can be used 
to implement the outer loop algorithm 104 shown m FIGURE 5 A. As shown, if the 
frame error detector 402 (206 in FIGURE 6A) determines that a frame error has 
occurred, at step 404, the output of the outer loop algorithm 104 (proposed SIR target 
adjustment value) is made equal to +A (where the input FER target value is equal to 
l/(N+N/2)). Otherwise, at step 404, if no frame error has been detected, at step 406, 
the frame error detector 402 determines whether there have been N correct frames in 
a row. If so, at step 406, the output of the outer loop algorithm 104 is made equal to 
-A. Otherwise, at step 406, if there have not been N correct frames in a row, the 



wo 00/65748 



^CT/SEOO/00759 



-13- 

proposed SIR target adjustment value is made equal to zero. 

Although a preferred embodiment of the method and apparatus of the present 
invention has been illustrated in the accompanying Drawings and described in the 
foregoing Detailed Description, it will be understood that the invention is not limited 
5 to the embodiment disclosed, but is capable of numerous rearrangements, 
modifications and substitutions without departing from the spirit of the invention as 
set forth and defined by the following claims. 
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WHAT IS CLAIMED IS: 

1. A power control loop system for use in a spread spectrum mobile 
communications system, comprising: 

a first comparer for comparing a measured quality parameter with a target 
5 quality parameter to generate a quality parameter error, 

a first generator, coupled to the first comparer, for generating a target 
adjustment value bom the quality parameter error; 

a second comparer for comparing a measured signal characteristic with a 
previous target signal characteristic value to generate a signal characteristic error; and 
10 a second generator, coupled to the first generator and the second comparer, for 

generating a new target signal characteristic value based, at least in part, on the target 
adjustment value and the signal characteristic error. 

2. The power control loop system of claim 1 , fiirther comprising an error 
rate estimator, coupled to an input of the first comparer, for generating the measured 

1 5 quality parameter. 

3. The power control loop system of claim 2, wherein the measured 
quality parameter comprises a measured frame error rate. 

4 The power control loop system of claim 1, wherein the target 
adjustment value comprises a proposed target signal-to-interference ratio or a proposed 
2 0 target signal-to-noise ratio. 



wo 00/65748 



^ySEOO/00759 



-15- 

5. The power control loop system of claim 1, wherein the measured 
quality parameter, the target quality parameter and the quality parameter error 
comprise a measured frame error rate, a target frame error rate and a frame error rate 
error, respectively. 

5 6. The power control loop system of claim 1 , wherein the measured signal 

characteristic, previous target signal characteristic value and the signal characteristic 
error comprise a measured signal-to-interference ratio, a previous target signal-to- 
interference ratio and a signal-to-interference ratio error, respectively. 

7. The power control loop system of claim 1 , wherein the measured signal 
1 0 characteristic, previous target signal characteristic value and the signal characteristic 

error comprise a measured signal-to-noise ratio, a previous target signal-to-noise ratio 
and a signal-to-noise ratio error, respectively. 

8 . The power control loop system of claim 1 , further comprising an inner 
power control loop coupled to the second generator, the inner power control loop 

15 configured to receive the new target quality parameter and to initiate power 
adjustments in response to a difference between the new target quality parameter and 
the measured signal characteristic. 

9. The power control loop system of claim 8, wherein the measured signal 
characteristic used by the inner power control loop comprises the same measured 

2 0 signal characteristic used by the second comparer. 
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1 0. The power control loop system of claim 1 , wherein the spread spectrum 
mobile communications system comprises a CDMA cellular system or a WCDMA 
cellular system. 

11. A power control loop apparatus for use in a spread spectrum mobile 
5 communications system, comprising: 

means for receiving a proposed target signal-to-interference ratio and a signal- 
to-interference ratio error; and 

means for generating a new target signal-to-interference ratio as a function of 
the proposed target signal-to-interference ratio and the signal-to-interference ratio 
10 error. 

12. The power control loop apparatus of claim 11, further comprising 
means for generating the proposed target signal-to-interference ratio from a measured 
quality parameter and a target quality parameter. 

1 3. The power control loop apparatus of claim 1 2, wherein the measured 
1 5 quality parameter and the target quality parameter comprise a measured frame error 

rate, a target frame error rate, respectively. 



14. The power control loop apparatus of claim 11, further comprising 
means for generating the signal-to-interference ratio error from a measured signal-to- 
interference ratio and a previous target signal-to-interference ratio. 
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15. The power control loop apparatus of 1 1 , further comprising an inner 
power control loop, coupled to the means for goierating, for initiating power 
adjustments in response to a difiTerence between the new target signal-to-interference 
ratio and the signal-to-interference ratio error. 

5 16. The power control loop apparatus of Claim 11, wherein the spread 

spectrum mobile communications system comprises a CDMA cellular system or a 
WCDMA cellular system. 

17. A power control method for use in a spread spectrum mobile 
communications system, comprising the steps of: 

10 comparing a measured quality parameter with a target quality parameter to 

generate a quality parameter error; 

generating a target adjustment value from the quality parameter error; 
comparing a measured signal characteristic with a previous target signal 
characteristic value to generate a signal characteristic error; and 
1 5 generating a new target signal characteristic value based, at least in part, on the 

target adjustment value and the signal characteristic error. 

1 8. The power control method of claim 1 7, further comprising the step of 
estimating an error rate of a received signal to generate the measured quality 
parameter. 



20 



19. 



The power control method of claim 1 8, wherein the measured quality 
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parameter comprises a measiired error rate or a measured frame error rate. 

20 The power control method of claim 1 7, wherein the step of generating 
the target adjustment value comprises generating a proposed target signal-to- 
interference ratio or a proposed target signal-to-noise ratio. 

5 21. The power control method of claim 1 7, wherein the measured quality 

parameter, the target quality parameter and the quality parameter error comprise a 
measured frame error rate, a target frame error rate and a frame error rate error, 
respectively. 

22. Thepower control loop system of claim 1, wherein the measured signal 
1 0 characteristic, previous target signal characteristic value and the signal characteristic 

error comprise a measured signal-to-interference ratio, a previous target signal-to- 
interference ratio and a signal-to-interference ratio error, respectively. 

23. The power control method of claim 1 7, wherein the measured signal 
characteristic, previous target signal characteristic value and the signal characteristic 

1 5 error comprise a measiured signal-to-noise ratio, a previous target signal-to-noise ratio 
and a signal-to-noise ratio error, respectively. 

24. The power control method of claim 1 7, further comprising the step of 
initiating power adjustments in response to a difference between the new target quality 
parameter and the measured signal characteristic, the step of initiating performed using 
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an inner power control loop. 

25. The power control method of claim 17, wherein the spread spectrum 
mobile commmiications system comprises a CDMA cellular system or a WCDMA 
cellular system. 
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